Abstract >> In this study, successive coating and co-sintering techniques have been used to fabricate LSM/GDC based cathode supported direct carbon fuel cells. The porous LSM/GDC cathode substrate, dense, thin and crack free GDC and ScSZ layers as bi-layer electrolyte, and a porous Ni/ScSZ anode layer was obtained by co-firing at 1400℃. The porous structure of LSM/GDC cathode substrate, after sintering at 1400℃, was obtained due to the presence of GDC phase, which inhibits sintering of LSM because of its higher sintering temperature. The electrochemical characterization of assembled cell was carried out with air as an oxidant and carbon particles in molten carbonate as fuel. The measured open circuit voltages (OCVs) were obtained to be more than 0.99 V, independent of testing temperature. The peak power densities were 116, 195 and 225 mW cm -2 at 750, 800 and 850℃, respectively.
Introduction
The two major problems of tomorrow's world will be energy and pollution, and an efficient utilization of current energy resources in an eco-friendly way has attracted much attention 1, 2) . The trend-setter energy economies like US and China has extensive coal reserves, so expectedly, coal is going to be the dominant fuel in the coming few years. Therefore, it is substantial to develop clean and efficient coal conversion technology. Along with this potential, direct carbon fuel cells (DCFCs) has regained research focus because of their numerous advantages e.g. 100% thermodynamic efficiency and fuel availability [3] [4] [5] [6] . DCFC uses solid carbon as fuel and electrochemically converts its chemical energy into electricity without combustion or gasification. This direct convertsion of solid carbon eliminates SO  and NO  emissions and minimizes CO2 emission. Based on electrolyte, DCFC can be divided into three categories; molten hydroxide, molten carbonate and solid oxide electrolyte 5, [7] [8] [9] [10] [11] [12] .
Recently, solid oxide based direct carbon fuel cell (SO-DCFC) has gained considerable research interests due to faster kinetics and eradication of problems caused by liquid electrolytes. But, the research about SO-DCFCs is at an early stage and very few published reports available. The conventional anode-supported SO-DCFC had been reported by Liu et al. 13) but this configuration faced two major problems; firstly, because of close ended fuel electrode, fuel supply cannot be continuous, secondly, concentration losses because of thicker fuel electrode 14) . Cathode-supported design provides solution to these fundamental issues.
In solid oxide fuel cells (SOFCs), cathode-supported designs are considered as structurally stable because they do not undergo through the redox cycle like Ni-YSZ anode-supported cells. Also, because vapors are not formed at the cathode, the size of its pores can be smaller than those of the anode supports, and therefore it can be thinner than an anode with the same mechanical strength 15) . 
Cell Characterization
In order to examine the chemical compatibility of LSM and GDC powders during high temperature sintering, X-ray diffraction (XRD) patterns were measured using an automated Rigaku diffractometer (2500 D/MAX; Rigaku, Japan) with Cu-K α radiation.
The data was recorded over a scanning angle range of 20° to 80° using a step width of 0.025° and a holding time of 5 s. After co-firing, microstructure of button cell layers was observed using scanning electronic microscopy (S-4700; Hitachi Ltd., Japan).
Ag meshes and Ag wires were used as current collectors and attached to the electrodes with a 
Results and Discussions

Phase Stability
The XRD patterns of the pure LSM, pure GDC and sintered mixture of LSM and GDC are presented in Fig. 1 . The pure LSM exhibited a perovskite phase structure with rhombohedral symmetry while pure GDC showed fluorite type structure. The most important feature is that all peaks of mixture of LSM and GDC correspond to either LSM or GDC. This feature indicates that LSM and GDC do not form any secondary phases during high temperature sintering. Crack free and dense nature of ScSZ layer is exactly according to electrolyte requirements.
SEM Microscopy
Electrochemical Characterization:
The current-voltage (I-V) and current-power density Fig. 5a and 5b for SOFC and DCFC mode, respectively. The ohmic resistance and total electrode polarization constitute the impedance spectra. The total ohmic resistance (R  ) of the cell consists of ionic resistance of the electrolyte layers, electronic resistance of both electrodes and interfacial contact resistance which is given by high frequency intercept of impedance spectra 16) . As, electrolyte layer contributes major part of R  because electrode materials and interconnecters usually have small electronic resistance, so their resistance can be ignored 17) . Also, total cell polarization (R  ) is given by low frequency intercept therefore difference between low frequency and high frequency intercept is called electrode polarization resistance (R  ). These resistances data is summarized in Table 1 . Impedance data shows that cell perfor- The cell resistance can be decreased by reducing cathode thickness and contact resistance between cathode substrate and electrolyte layer.
Conclusions
In the present work, LSM/GDC based cathode 
